Abstract A spectral diagnostic control system (SDCS) is developed to implement automatic process of the edge rotation diagnostic system on the J-TEXT tokamak. The SDCS contains a control module, data operation module, data analysis module, and data upload module. The core of this system is a newly developed software "Spectra Assist", which completes the whole process by coupling all related subroutines and servers. The results of data correction and calculated rotation are presented. In the daily discharge of J-TEXT, SDCS is proved to have a stable performance and high efficiency in completing the process of data acquisition, operation and results output.
Introduction
The importance of edge plasma rotation is mainly shown in the L-H transition [1, 2] . Furthermore, studies on resonant magnetic perturbation also paid attention to edge plasma rotation [3, 4] . The measurement of edge plasma rotation can be achieved by Mach probe [5, 6] , microwave reflectometry and spectral analysis of the line emission of the ions in plasma [7−9] . The edge rotation diagnostic system on J-TEXT utilizes the Doppler shift of the line emission from inherent light impurity ions. Different from the application of an X-ray image crystal spectrometer, charge charge-exchange recombination spectroscopy and Mach probe [1, 7] , the measurement by means of passive spectroscopy of inherent impurity ions does not affect the plasma in the tokamak. So it is chosen as a routine diagnostic on J-TEXT.
The spectral data in a tokamak include the amplitude, timing sequence and wavelength, and are acquired by special software bundled with the detector. So the spectral acquisition system is often separated from other diagnostics. There are many limits when the bundled software is used. A spectral diagnostic control system (SDCS) is thus newly developed to improve the efficiency and automation of the edge rotation diagnostic system on J-TEXT. In this regard, the hardware set-up is presented in section 2. The software structure and some sample results are elucidated in section 3. A summary is finally given in section 4.
Hardware configuration
J-TEXT is a conventional tokamak with an iron core. It has a major radius of R = 105 cm. The minor radius is set to be 26.5 cm by the silicon-carbide coated graphite limiter in recent experiments. The maximum toroidal magnetic field is B T = 2.3 T at present. The maximum plasma current is I p = 220 kA with a 400 ms pulse length. The line averaged electron density is in the range of n e = (1-5) × 10 19 m −3 [10] . The edge rotation diagnostic system of the J-TEXT device is shown in Fig. 1 . The whole hardware system consists of six collimating lenses, an optical fiber bundle, a McPHERSON monochromator, and an ANDOR EMCCD. Two observing channels (Ch.1 and 2) are placed on the horizontal observation window of Port 3 on J-TEXT, which are used to measure the toroidal rotation. Two observing channels (Ch.4 and 5) are placed on the top observation window of Port 1, which are used for the measurement of poloidal rotation. When the collimating lenses are installed, the verticality of the observing line to the magnetic axis is ensured to avoid the toroidal velocity component. There are two refer-ence channels placed on Port 14 and Port 4, which are also perpendicular to the magnetic surface. Because the observed signal passes through the same spectral component, the errors from the heat and vibration could be avoided in the calculation of Doppler shift. The spectral data are acquired by the bundled software of the CCD camera, Andor Solis. The early assistant program can rename the spectral data files with the shot numbers. But it still needs human intervention to keep the camera work as designed. Also, the physical results need further data processing. Based on the working mode of J-TEXT, the SDCS is designed to implement the CCD setup, the data processing and the results upload. As shown in Fig. 2 , Spectra Assist is the core of SDCS and the main part of our work. Spectra Assist is C# programming-based self-developed software, which is in line with the working mode of the SDCS. Many kinds of technologies are used, including windows API programming, XML storage, SDK programming, C# programming, and MDSplus programming. The SDCS consists of a control module, data operation module, data analysis module, and data upload module.
Control module
To meet the requirement and characterize the discharge on J-TEXT, the Andor Solis is set to work in the kinetic acquisition and external trigger start mode. In this mode, the Andor Solis reaches the ready state only after a manual operation activates the acquisition button. After completing the spectral acquisition with preset parameters, as the CCD gets an external trigger signal, the Andor Solis stops working.
The control module packaged in Spectra Assist is developed to auto-complete these operations. As shown in Fig. 3 , it contains a SETUP function and an AC-TIVATION function. The SETUP function is used to modify the setting parameters of the Andor Solis. The parameter details are saved in a configuration file. After starting running the Spectra Assist, the control module will immediately modify the setting parameters of the Andor Solis, and then the ACTIVATION function starts work. The specific implementation process of the activation function is: the control module sends a request data packet to the specified port of the center control server every 5 seconds via network protocol [11] ; the center control server will send a response data packet which contains the shot number to the control module; Fig.2 Interaction diagram of the spectral diagnostic control system if the shot number changes, the control module operates the Andor Solis to keep it in a ready state via sending a message to the handle of the "take signal" window, which has been obtained beforehand by windows API. At the beginning of the preparing stage of discharge, the shot number stored on the central control server will be updated. There is a preparing time of about one minute before the breakdown. So it can guarantee that the Andor Solis is in the ready state before the trigger signal is sent to the CCD while discharging. The main techniques used for the control module are windows API programming and XML storage. Windows API is a windows application programming interface. Through this interface, the behavior of the Andor Solis can be controlled. XML storage techniques is a technology to structure the storage of data using a unified method provided by XML. We use it to store the setting parameters.
Data operation module
The functions of the data operation module include management of data files, transcoding and wavelength correction.
After spectral acquisition, the Andor Solis will automatically generate a "Sif" -extension file. Management of the data files function is used to rename the data file with attaching the shot number and move it into a specified folder. This is achieved by Spectra Assist directly.
The transcoding function is used to transcode the file into ASCII format. This process needs a software design kit (SDK) interface that the Andor Solis supplied, and is finally achieved by a subroutine.
With the parameters of the monochromator, the xaxis label of the obtained picture can be directly converted to wavelength by the Andor Solis. However, in general, only the wavelength accuracy at the central position can be guaranteed. The wavelength at other positions needs to be further calibrated. The wavelength calibration process is: select a certain line with wavelength λ and modify the center wavelength λ 0 in the vicinity of the wavelength λ by gradually rotating the grating. Then record directly the reading value λ of the line corresponding to λ with different λ 0 from the Andor Solis. The difference between λ and λ is proportional to the difference between the center wavelength λ 0 and λ, that is λ − λ = k × (λ 0 − λ). Since the problem boils down to how to get the slope k to correspond to each spectrum line, we have adopted a way of fitting slope k corresponding to obtaining a series of spectrum lines.
The wavelength correction of the data operation module is achieved by a subroutine using the calibration result. Fig. 4 gives a sample calibration result with the 2400 g/cm grating. The standard lines come from a mercury-argon lamp. The real wavelengths of the two presented lines are 576.96 nm and 579.07 nm. The blue waveform is the original measured data, and the red waveform is the corrected data. It can be seen that the corrected result is in line with the real-wavelength. 
Data analysis module
The function of this module is calculation of the edge plasma rotation and ion temperature so far. The workflow of the data analysis module is shown in Fig. 5 . First, it reads the corrected data created by the data operation module. Then the data is preprocessed with suppressing noise, deducting background, and picking available data. After that, deconvolution and Gaussian fitting are performed on the data to get the values of the wavelength and FWHM. Finally, the results of the rotation velocity and ion temperature are calculated and outputted. Current calculated values include the ion temperature, toroidal and poloidal rotation velocity using the line emission of carbon III (C III 464.7 nm), carbon V (C V 227.09 nm), carbon VI (C VI 529.05 nm) and oxygen V (O V 650.02 nm).
The calculations of the toroidal and poloidal rotation velocity are based on the same principle: Doppler shift. As shown in Fig. 1 , the toroidal rotation can be calculated by the spectra data from Ch.1 and 2. Assume the observed wavelength is λ chn , where n is the channel number. The plasma current and the toroidal magnetic field in J-TEXT are also in the counter-clockwise direction viewed from the top. The velocity is defined to be in the co-current direction. The toroidal rotation velocity can be expressed as v The ion speed distribution can be described by the Maxwell distribution in most situations in tokamaks. With the Doppler effect, the ion temperature can be obtained from the formula T i = 1.7 × 
Upload module
This module uploads corrected spectral data and calculated results to the MDSplus server. The focus of this process is the storage of three-dimensional data in MDSplus, which needs data partition when uploaded.
MDSplus is a data management software for largescale scientific experiments, which is widely used in the field of nuclear fusion [12, 13] . Its functions include data acquisition control, data management, and user access services. In the J-TEXT data acquisition system, MDSplus software is used to receive and manage the experimental data [14] . The tree model is used in MDSplus and the same kind of signal is contained in the same root node. Each sub-node generally stores one-dimensional data, but the spectral data have three dimensions: channel, time, and wavelength. We make channels as sub-nodes. Each sub-node must store two-dimensional data. So when uploading data, it needs segmentation to be stored in the form of a twodimensional array in a channel node. Therefore, it also needs to indicate the time subscript of an array in the channel node when accessing the data.
The last user interface of Spectra Assist is shown in Fig. 6 . The status window displays the current condition and the process history of SDCS. Related modules are also illustrated in this figure. Fig. 7 presents a sample result read from MDSplus. It will be very convenient for comparing the rotation velocity or ion temperature with other parameters. Fig.6 Interface of Spectra Assist Fig.7 Sample result of the calculated rotation velocity and ion temperature from the data analysis module. The diagnostic data shown are the plasma current, the central plasma line density, the poloidal velocity of carbon V, the toroidal velocity of carbon V and the ion temperature
Summary
The spectral diagnostic control system of the J-TEXT device, which is based on the C # programming, has completed program design and parameter testing, and has finished experimental testing combined with the central control system and the data service system. From the correctness test, stability tests and performance testing, the system is proved to meet the experiment requirements. Currently, the system operates routinely on J-TEXT. In the daily operations, the system shows good performance and advantages, such as having fully automatic running, good scalability and so on.
